Transversus abdominis plane (TAP) block is a peripheral nerve block directed at the nerves in the anterior abdominal wall. We sought to determine whether TAP block reduces post-operative narcotic use or length of stay after open gynecologic surgery. Among 98 women who underwent an open hysterectomy between July 2016 -July 2017 by a gynecologic oncologist, 73 (74.5%) received a TAP block. The majority of patients who received a TAP block had a vertical incision (86.3%) while the majority of patients who did not receive TAP block had a transverse incision (64%). More patients in the TAP block group underwent cancer debulking compared to the no TAP block group (65.7% versus 8%). The two groups did not differ in post-operative pain scores on day 1, 2, or 3, cumulative narcotic use by post-operative day 3, length of stay, or ileus. We found TAP block after vertical skin incision results in comparable pain scores, narcotic use, and length of stay compared to patients undergoing transverse incisions without TAP block.
Introduction
Surgical outcomes are generally improved when pain control is optimized in the postoperative setting (Kehlet and Holte, 2001) . After laparotomy, the traditional modality for pain control remains narcotics. Unfortunately, narcotics are associated with side effects including nausea and delayed recovery of bowel function. Multimodal approaches to postoperative pain management are often utilized to attempt to avoid these side effects, including the incorporation of epidurals and spinal anesthetics. Recently, the utilization of the transversus abdominis plane (TAP) block has been on the rise. TAP block is a peripheral nerve block designed to anesthetize the afferent nerves supplying the anterior abdominal wall from T6 to L1 (Johns et al., 2012) . By incorporating TAP block in post-operative management, it may be possible to decrease narcotic use while also avoiding some of the potential side effects of neuraxial anesthesia such as respiratory depression and risk of spinal hematoma.
TAP block has been studied in comparison to, and in addition to, a variety of pain management strategies in patients undergoing hysterectomy (Atim et al., 2011; Carney et al., 2008; Griffiths et al., 2010) . Results from these trials show variable outcomes, with some studies showing no difference in post-operative pain scores at two and 24 h (Griffiths et al., 2010; Ghisi et al., 2016) , while others show a significantly decreased use of opioids at 24 and 48 h post-operatively after abdominal surgery (Johns et al., 2012; Carney et al., 2008; Bhattacharjee et al., 2014) . Meta-analyses regarding pain control after a variety of surgeries have also shown TAP block to be an effective postoperative pain management strategy, with decreased morphine consumption (Ma et al., 2017) . Additionally, within the colorectal literature there are also mixed conclusions regarding return of gut function (Ris et al., 2014; Smith et al., 2015; Pedrazzani et al., 2016) . Several studies suggest that narcotic use is reduced and time to return of gut function is improved with the use of TAP block (Ris et al., 2014; Hain et al., 2018; Liu et al., 2018) .
Whether these findings can be generalized to the gynecologic oncology population remains uncertain, as there is a paucity of literature in this area. We hypothesized that patients who receive multimodal anesthesia with patient controlled anesthesia devices and TAP blocks experience improved pain resulting in decreased intravenous and oral narcotic use, decreased length of stay, and improvement of bowel function as compared to traditional post-operative pain management with patient controlled analgesic devices in patients who undergo open gynecologic surgery involving a hysterectomy.
Methods
This study was an IRB approved retrospective review conducted at a single institution from underwent an open hysterectomy with a gynecologist oncologist in this time period was included in the study. All TAP blocks were given in the post-operative period. Patients were excluded if we were unable to obtain post-operative pain scores through chart review. Clinical information was collected from the electronic medical record including patient demographic data, type of surgery, baseline narcotic or muscle relaxant use, type of incision, post-operative pain regimen, mean postoperative pain scores on post-operative days 1, 2, and 3, cumulative narcotic use (converted to oral morphine equivalent in milligrams) on post-operative days 1, 2, and 3, post-operative ileus, and total length of stay. Pain scores were averaged over the course of a 24-h period for each day, with verbal pain scores assessed per nursing protocol using a 10-point scale. Total narcotic use was similarly tallied over the course of each 24-h period and converted into oral morphine equivalents to allow for comparison among patients. Outcomes were then compared between patients with and without TAP block. Statistical analyses were performed using Chi-square, Mann-Whitney U, and univariate regression.
Results

98
patients who underwent open hysterectomy with a gynecologic oncologist were identified. 73 (74.5%) patients received a TAP-block post-operatively, while 25 patients did not. Patient characteristics are described in Table 1 . There were no differences between the two groups in race, median age, history of prior abdominal surgery, prior narcotic or muscle relaxant use, depression, or BMI. However, the two groups differed significantly in surgical characteristics. In comparing the groups receiving TAP block versus no TAP block, the majority with TAP block had vertical incisions (86.3% versus 36%, p < .001) and underwent debulking surgery (65.7% versus 8%, p < .001). Table 2 demonstrates that there was no difference in post-operative pain scores on day 1, 2, or 3 between the two groups. There was no significant difference in post-operative ileus in the two groups (8% vs 26%, p = .06). There was no difference in total length of stay between the two groups (p = .12). Table 3 shows no difference in cumulative narcotic use on postoperative days 1 and 3 between the two groups. There was a significant difference in total narcotic use on post-operative day 2. Patients who received TAP block used a median of 170 mg of morphine equivalents, while patients who did not receive TAP block used a median of 127.5 mg of oral morphine equivalent (p = .045).
Our data were not different when analyzing by incision type. When limiting the analysis to patients who underwent vertical skin incisions, there were no differences in pain scores between the two groups. Similar to the overall cohort, there was a higher total narcotic used on postoperative day 2 among the TAP block cohort. These groups were imbalanced with 48 patients undergoing ovarian cancer debulking surgery among the group receiving TAP block compared to only 1 patient among the group receiving no TAP block. When limiting the analysis to patients who underwent transverse skin incisions, there were no differences in pain scores or cumulative narcotic use. Of the patients who underwent transverse incisions and TAP block, surgeries included 2 ovarian cancer debulking, 1 hysterectomy for uterine cancer, 1 cesarean hysterectomy and 6 benign hysterectomies. In the group undergoing transverse incisions and no TAP block, surgeries included 2 radical hysterectomies with lymph node dissection, 3 hysterectomies for uterine cancer, 1 ovarian cancer debulking, 2 cesarean hysterectomies and 8 benign hysterectomies.
Discussion
In this cohort of patients who underwent open hysterectomy, there was no significant difference in postoperative pain scores or length of stay with the use of post-operative TAP block. However, this was an observational study and the groups were imbalanced in terms incision type, with a significantly lower number of patients in the TAP block group receiving transverse incisions than in patients who did not receive TAP block. Our providers preferentially use TAP block in patients who undergo open surgery with a vertical skin incision. Vertical incisions are often used for larger surgeries involving more extensive dissection and may indicate a higher complexity of surgery, as a significantly higher percentage of these patients underwent ovarian cancer debulking surgery. This could translate into anticipated higher pain scores and longer length of stay compared to surgeries performed with transverse incisions. These findings suggest that TAP block may provide a benefit in patients undergoing gynecologic surgery with a vertical skin incision, as their pain scores and length of stay are comparable to that of patients who undergo transverse skin incisions.
We found a significant difference between cumulative narcotic use on post-operative day 2 between the two groups, with the TAP block group using a higher total dose of morphine equivalents. TAP block involves the administration of bupivacaine, which has a half-life of 3 to 8 h; as the analgesic wears off, more narcotic medications are likely required to achieve the same level of pain relief. This effect appears to be overcome by post-operative day 3, as evidenced by no difference in the cumulative narcotic amount and pain scores.
Interestingly, there was no significant difference in post-operative ileus between the two groups. The TAP block group had a significantly higher proportion of patients undergoing cancer debulking surgery, which often involves bowel manipulation and surgery. We did not Chang et al. Gynecologic Oncology Reports 26 (2018) 75-77 control for bowel surgery in our analysis, however it is reasonable to expect that ileus would be more likely to occur in this situation. Our current practice is to use plain bupivacaine hydrochloride in TAP block. Studies have also evaluated utilization of liposomal bupivacaine in the setting of post-operative pain management. Liposomal bupivacaine consists of microscopic vesicles with a lipid soluble lining and an aqueous core containing encapsulated bupivacaine, which allows it to be released slowly over a period of 72-96 h (Kalogera et al., 2016) . When compared to bupivacaine hydrochloride, liposomal bupivacaine significantly decreased opioid use in the gynecologic population when used as local infiltration in abdominal incisions (Kalogera et al., 2016) . The cost of liposomal bupivacaine is currently 100 fold higher than bupivacaine hydrochloride and thus has not been as widely used. However, the incorporation of this drug in TAP block has been shown to decrease pain scores over bupivacaine hydrochloride in the urologic literature and is worthwhile to consider in the future for gynecologic surgery (Hutchins et al., 2016) .
Overall, these findings suggest that TAP block may be an effective component of a multimodal approach to pain management in the postoperative period in patients undergoing open gynecologic surgery, particularly in those undergoing vertical skin incisions and cancer debulking surgery. In the era of enhanced recovery pathways and the current opioid crisis, alternative strategies for pain control are a crucial component of future research. More investigation into the utility of TAP block in the gynecologic oncology population is indicated.
